Spin relaxation in quantum Hall ferromagnet regimes is studied. As the initial non-equilibrium state, a coherent deviation of the spin system from the B direction is considered and the breakdown of this Goldstone-mode state due to hyperfine coupling to nuclei is analyzed. The relaxation occurring non-exponentially with time is studied in terms of annihilation processes in the "Goldstone condensate" formed by "zero spin excitons". The relaxation rate is calculated analytically even if the initial deviation is not small. This relaxation channel competes with the relaxation mechanisms due to spin-orbit coupling, and at strong magnetic fields it becomes experiments and semi-phenomenological theories show that at some fractional fillings, namely at ν = 1/3, 1/5, ..., electrons in the ground state occupy only one spin sublevel, and thereby the fractional QHF state is also realized [2] [3] [4] [5] [6] . The QHF possesses a macroscopically large spin S oriented in the direction of the field B due to negative g-factor in GaAs structures. In the following all calculations are carried out in the form applicable to both odd-integer filling ν = 2k +1 and fractional QHF. This generalization on the ν < 1 case is done in compliance with the well known semi-phenomenological description of the fractional QHF [2, 3] and, in particular, was already used in Ref. [7] .
excitation of spin waves where each one corresponds to the spin numbers changed by one: δS = δS z = −1 [1] . The second type of spin perturbation is a coherent deviation of S as a whole from the directionẑ B without any changes in the length of S. This case means appearance of the Goldstone mode (GM) in the QHF, and microscopically it is described by a "Goldstone condensate" of "zero spin excitons". Every zero spin exciton X 0 represents a change δS z = −1 with the total spin kept constant: δS = 0. For the first type deviation, the relaxation was studied experimentally in Refs. [8] [9] [10] and theoretically in Refs. [11, 12] and [7] . For the second type, the GM breakdown was theoretically analyzed in the works of Refs. [13] and [14] . (See also Ref. [15] .) All these theoretical studies dealt with the relaxation channels where spin non-conservation arose from the spin-orbit (SO) coupling of 2D electrons.
So, as in publications of Refs. [13] and [14] , now the considered initial deviation is again of the second type, i.e. starting point is the GM state |i = Ŝ − N |0 , where |0 stands for the QHF ground state, andŜ − = jσ
− is the lowering spin operator. [j labels electrons; σ ± = (σ x ± iσ y )/2, whereσ x,y,z are the Pauli matrices.] However, in this Letter I report on another relaxation channel where the spin non-conservation is caused by the hyperfine contact coupling to the GaAs nuclei [16] [17] [18] [19] :
Here µ B is the Bohr magneton, R is the electron position,Î (n) , R n and µ n are spin, position and magnetic dipole moment of the n-th nucleus, respectively. Compared to the SO coupling Hamiltonian, the interaction (1) has one important feature: it violates the translation invariance of the 2D electron system and therefore leads not only to the electron spin non-conservation but also to the non-conservation of the 2DEG momentum. From the viewpoint of the GM breakdown, this means that the hyperfine coupling is sufficient to provide the GM relaxation process without any additional dissipation mechanisms. This property is at variance with the SO interaction relaxation mechanisms. As far as the SO coupling does not perturb the translation symmetry, the GM relaxation needs additional perturbative interactions providing the momentum and energy dissipation. These in fact are the electron-phonon coupling [13] or interaction with the smooth random potential [14] .
The Hamiltonian (1) may be rewritten as [18] 
where Ψ(R) is the electron envelope function, and v 0 is the unit cell volume. Both Ga and
As nuclei have the same total spin: I Ga = I As = 3/2. The parameter A n , being inversely proportional to v 0 , actually depends only on the Ga/As nucleus position within the unit cell.
For the final calculation I only need the sum A In order to describe the QHF states, I use again the excitonic representation by analogy with previous works [7, [11] [12] [13] [14] . Namely, by defining the spin exciton creation operator [21] :
where a p and b p are the Fermi annihilation operators corresponding to electron states on the 
is the oscillator function; in Eq.
(3) and everywhere below we measure lengths in units of l B and wave vectors in units of 1/l B .] The major advantage of these excitonic states is that they are eigen states of the QHF at odd-integer ν :
where ǫ Z = gµ B B is the cyclotron gap,Ĥ int is the 2DEG Coulomb interaction Hamiltonian, and E q is the Coulomb correlation energy of the spin exciton having momentum q [1] . These equations are accurate to the first order in parameter r c = (αe 2 /κl B )/ ω c considered to be small (ω c is the cyclotron frequency, α < 1 is the averaged form-factor arising due to finiteness of the 2D layer thickness, κ is the dielectric constant). Only small q vectors are relevant to the studied problem (i.e. ql B ≪ 1 in common units), and therefore the quadratic approximation for the spin exciton spectrum E q ≈ q 2 /2M x is sufficient. The exciton mass M x is calculated by using the finite thickness form-factor [1, 7, 12] , although recently M x was measured experimentally [4, 22, 23] . Now I express the hyperfine coupling Hamiltonian (2) in terms of the excitonic representation. By omitting theÎ zσz term due to its irrelevance to any spin-flip process [24] , and substituting into Eq. (2) the Schrödinger operatorsΨ
where ∓ to the former yieldsÎ
From this point the study of the relaxation rate becomes similar to that in Ref. [14] . The only appreciable difference is the presence of the nuclear component. The temperature is again assumed to be negligible. Being of the same order or even smaller than the uncertainty value determined by the external smooth disorder field [14] it is, in particular, well smaller than the Zeeman gap ǫ Z . The initial state |i is thus the Goldstone condensate containing N zero spin excitons: |i = |{M}; N . This state is electronically and nuclearly degenerate. The GM breakdown is studied in terms of the transitions governed by the Fermi Golden Rule probability:
, where the final state |f is the state where a part of the Zeeman energy has been converted into the nonzero spin exciton kinetic energy E q .
Such a transition is the 2X 0 +{M}→X q * +{M} − n process, if calculated in the lowest order of the perturbation theory. The final state for this transition is |f = |{M} − n ; N−2; 1; q * , where q * is determined by the energy conservation equation
When calculating the transition matrix element M if (n, q * ) = f |Ĥ hf |i , one may take into account that q * ≪ 1. So, the squared value is
where the notation R(...) stands for the norm of the state |... . Now, at variance with the cited works [13, 14] , the expectations entering Eq. (6) should be calculated not only for the integer QHF but for the fractional QHF too. The latter can be obtained within the so-called "single-mode approximation" [2, 3] , namely:
Here ν ′ = ν if ν < 1 or ν ′ = 1 if ν = 2k + 1 (k = 0, 1, 2, ...). Formulas (7) are exact for odd-integer ν [25] (then the ∼ O(q 4 ) terms vanish), but for ν < 1 they represent a result of the semi-phenomenological approach where the expectations are expressed in terms of the two-particle correlation function calculated for Laughlin's states [26] .
Using Eqs. (6 -7), and assuming that the nuclei are unpolarized, I get the rate of the considered S z → S z +1 process:
where
Here d stands for a conventional width of the 2DEG:
is not equal to the quantum well width d QW , but constitutes a fraction of the latter, e.g.: (9) 
These equations yield n(t) = 1/[2n(0)t 2 +2t+1/n(0)] and m = n(t)n(0)t, where t is measured in τ hf . I remind that, as in the work of [14] , this result is analytical but still approximateit should work well if n(0) < 1/2.
The only difference is thereby a change in Eqs. (10) from the characteristic relaxation
determined by the SO coupling and smooth random potential, to the HF coupling time τ hf (9) . (I keep notations of the paper [14] : α and β are the Rashba and Dresselhaus SO parameters, K(q) stands for the Fourier component of the smooth random potential correlator.) Comparing τ so with τ hf , one can note that they have opposite dependences on the magnetic field. If K(r) is Gaussian, then K(q) is sharply decreasing with B: To conclude, I have reported on a new spin relaxation channel in the spin polarized strongly correlated 2DEG. The mechanism involves only the hyperfine coupling to GaAs nuclei, and no other interactions are required for this relaxation channel to be realized. The problem is solved by using the excitonic representation technique. Although the Goldstone mode relaxation in a QHF occurs by the scenario studied earlier [14] , a crossover from the SO characteristic relaxation time (11) to the hyperfine coupling time (9) occurs in a strong magnetic field B > ∼ 10 T. The work is supported by the RFBR.
